Persistent infection with some types of human papillomavirus (HPV) is established as carcinogenic to human ([@bib32]; [@bib19]). There are currently 12 HPV types classified as Group 1 carcinogens to human and one type that is probably carcinogenic (Group 2A carcinogen) ([@bib19]). All of these belong to the same evolutionary branch in the phylogenetic tree of papillomaviruses, suggesting that the carcinogenicity reflects viral evolution ([@bib41]). With increasing age, a larger proportion of screen-detected HPV infections represent persistent HPV infections. However, it should be noted that some HPV types will never cause neoplastic progression, even if they do persist ([@bib41]; [@bib38]).

HPV DNA testing has emerged as a highly sensitive screening test that can detect cervical precancerous lesions earlier than cytology ([@bib34]; [@bib40]; [@bib36]). However, a low specificity of an HPV DNA test warrants a triage test, and a Pap smear following a positive HPV result seems to be the most attractive screening strategy in countries where cytology is of good quality ([@bib9]; [@bib25]; [@bib28]; [@bib33]; [@bib37]). On the other hand, the interpretation of Pap smears is subjective, and there is an increasing interest towards more objective molecular tests. HPV genotyping has been suggested as a possible alternative option to cytology in triaging HPV-positive women. This approach allows stratifying women to an appropriate management depending on the specific carcinogenic HPV type present and its associated risk for development of cervical intraepithelial neoplasia grade 3 (CIN 3) or cancer ([@bib43]; [@bib21]; [@bib41]; [@bib34]; [@bib24]; [@bib15]).

HPV 16 and 18 are the most common types of HPVs found in ICC. Whereas the proportion of HPV 16 and 18-associated cancers appears rather constant worldwide, the relative importance of the other carcinogenic HPV types differs slightly by geographical region ([@bib11]; [@bib30]; [@bib15]). The HPV type distribution in high-grade cervical lesions, that is, CIN 2 and 3, is not entirely representative of those in cervical cancer. HPV 16, 18 and 45 are more common in ICC than in the high-grade cervical lesions, but the other carcinogenic HPV types are more common in CIN 2 and 3 compared with ICC ([@bib45]; [@bib15]).

Data on the type-specific prevalence of carcinogenic HPV types are needed to monitor the impact of HPV vaccinations and to plan HPV-based cervical screening programmes. The aim of the study was to determine the type-specific prevalence of HPV infection and its correlation to findings in cytology triage and histology. The study also provides useful information on the performance and clinical validity of HPV screening using a Hybrid Capture 2 test (HC2, Qiagen Inc., Gaithersburg, MD, USA), in relation to the HPV genotypes present.

Materials and methods
=====================

In all, 108 327 women aged 25--65 years were invited for organised cervical screening in nine Finnish municipalities between 1 January 2003 and 31 December 2005. They were individually randomly assigned (1 : 1, using computer-generated random numbers) to either the primary HPV DNA testing group, followed by cytology triage (*n*=54 140) or to the primary conventional cytological screening group (*n*=54 187). Only women allocated to primary HPV screening were included in the present study. Women who had been randomised but died, emigrated or were diagnosed with invasive cervical cancer before the invitation (*n*=104), were excluded. Women who did not attend (*n*=18 270) were also excluded. The exact dates of the screening visits were not recorded in the screening register and the 1st calendar day of the visit month was used as an approximation.

At the screening visit, a cytological smear was taken with an Ayre\'s spatula, and cervical cells were collected with the sampler brush included in the HC2 test kit (instead of a regular cytobrush). The brush was then placed into a tube containing HC2 transport medium, which was subsequently processed with the supplies and reagents of the HC2 assay in two separate laboratories. The probe mixture to detect 13 high-risk HPV types (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68) was used according to the manufacturer\'s instructions.

Cytological slides were stained and interpreted in a conventional manner, but cytology triage was used only for samples positive for the HPV DNA in the HC2 test, that is, when the ratio of relative light units (rlu ratio) was 1.00 or higher. Cytological diagnosis LSIL+ (a low-grade squamous intraepithelial lesion or more severe) corresponding to earlier used Papanicolaou classes III--V resulted in a referral to colposcopy. ASC-US (atypical squamous cells of undetermined significance) and AGC-NOS (atypical glandular cells, not otherwise specified) findings (earlier Papanicolaou class II) or a normal result obtained in cytology triage resulted in an invitation to re-screening after 12 to 24 months.

After the screening visit, the cells were stored within the Standard Transport Medium (STM) buffer at −20 °C. In the spring of 2010, all HC2-positive samples were retrieved from the archives and HPV genotyped. From each sample, 200 μl (STM) was treated overnight with proteinase K (20 *μ*g/ml, Roche Diagnostics GmbH, Mannheim, Germany) at 37 °C. The DNA was then extracted with the Total NA-kit (Roche) by the use of MagNA Pure LC (200 *μ*l input and 100 *μ*l output). Sample adequacy was assessed by testing 5 *μ*l of the sample for the human betaglobin gene with a real-time PCR ([@bib48]). For the simultaneous identification of 38 genital HPV types , 5 *μ*l of the extracted material was added to a total volume of 25 *μ*l for Modified General Primer (MGP) PCR amplification and subsequent genotyping with Luminex ([@bib42]; [@bib46]). The Luminex assay included probes for HPV types 6, 11, 16, 18, 26, 30, 31, 33, 35, 39, 40, 42, 43, 45, 51, 52, 53, 54, 56, 58, 59, 61, 66, 67, 68 (a and b), 69, 70, 73, 74, 81, 82, 83, 86, 87, 89, 90, 91 and 114.

The classification of human carcinogens by the International Agency for Research on Cancer (IARC) was used by combining IARC Group 1 (including carcinogenic HPV types of 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59) and Group 2A (probably carcinogenic HPV 68) as Group 1/2A for the current study. Possibly carcinogenic Group 2B are HPV types that have close phylogeny to the carcinogenic types, but have limited epidemiological evidence for carcinogenicity to humans. HPV 73 has an uncertain carcinogenicity and is not targeted by the HC2 assay, for which it was included in Group 2B in the current study. HPV types in Group 3 included those in IARC Group 3 or those, apart from HPV 73, that have not yet been classified ([@bib13]; [@bib19]).

The following databases were used to obtain data on cervical lesions: the Mass Screening Registry (MSR), the Finnish Cancer Registry (FCR) and the Care Registers for Social Welfare and Health Care (HDR in this paper). The highest grade cervical intraepithelial neoplasia recorded within 1 year after a screening visit that resulted in a referral to colposcopy was considered to be screen detected and was therefore included in the current study. This follows recommendation by the European guidelines for cervical cancer screening ([@bib3]). The same diagnostic window was also allowed for women who were HPV-positive and had cytology ASC-US or normal at the screening visit. The women were individually linked to the three health-care registries using their personal forms of identification as previously described in detail ([@bib29]). The diagnosis of invasive cervical cancer (ICC) was taken from the FCR only. Diagnoses of dysplasia gravis, carcinoma *in situ* (including adenocarcinoma *in situ* and epithelial neoplasm NOS *in situ*) or CIN 3 were grouped together as CIN 3 or AIS. CIN 3 or AIS diagnoses were available from all three registers, whereas CIN 1 (equal to dysplasia levis) and CIN 2 (equal to dysplasia moderata) were available from both the MSR or HDR.

Statistical analysis
--------------------

Type-specific prevalence of HPV infection and their exact binomial 95% confidence intervals (CI) were calculated for women overall and stratified by age as well as by cytologic and histologic findings. Type-specific HPV prevalence included the presence of a given HPV type either alone or with other concomitant types. It was calculated as a proportion of women positive for a given type out of all HPV-tested women, including women testing negative for HPV in the HC2 assay. Poisson regression analyses were performed to evaluate the association between type-specific infection and a referral to colposcopy as well as findings in histology through relative rates with 95% CIs. Women not infected with a particular HPV type (i.e. women with other HPV infections or without any HPV type) were used as the referent group. Relative rate estimates were adjusted by including age as a continuous variable and type-specific HPV data as single variables in a multivariate regression model. Population attributable fractions (PAFs) were calculated as p\*(RR-1)/RR where p is the prevalence among cases and RR is the type-specific adjusted relative rate. 95% CIs for PAFs were defined from the variance of the log-transformed complement of PAFs \[log(1−PAF)\] ([@bib39]). All analyses were conducted on a per protocol basis, and they were performed by using Stata (version 12.0, StataCorp, College Station, TX, USA).

Ethics
------

This randomised trial on public health policy is registered as an International Standard Randomised Controlled Trial (ISRCTN23885553). The National Authority for Medicolegal Affairs decided that written informed consent from the women was not required as the practice of the trial was considered routine and it also involved a very large number of women. The screening protocol and data collection were approved by the Ethical Committee of Obstetrics and Gynaecology in Hospital District of Helsinki and Uusimaa and the Health Boards of the committed municipalities. A separate permission for the trial extension was obtained from The National Authority for Medicolegal Affairs. This extension was used to analyse the formerly collected cervical screening samples for research purposes. The extended register-based study was also given approval by the ethical committee of the same local hospital district.

Results
=======

Overall, 35 766 women attended HPV screening in Finland during 2003--2005. In all, 33 043 (92.4%) of them were screened by using the HC2 test and are included in this study. The mean age of the study population was 45.2 years (ranging between 25 and 65 years). Eleven samples that were initially positive for HPV in the HC2 assay (HC2-positive) were not found in the archives and could not be genotyped. Of the 2611 samples that were genotyped, there were 80 (3.1%) samples with undetectable levels of human *β*-globin DNA, although 43 of the samples contained viral DNA. Thirty-seven samples with no amplification of either *β*-globin or HPV DNA were excluded ([Figure 1](#fig1){ref-type="fig"}).

In all, 2574 women (7.8%) were HPV-positive in the HC2 test. They underwent triage testing by cytology and HPV genotyping and were thus eligible for the final analyses. Of the HC2-positive women, 61.5% had normal, 23.1% had ASC-US and 15.5% had LSIL or more severe (LSIL+) result in cytology triage ([Figure 1](#fig1){ref-type="fig"} and [Table 1](#tbl1){ref-type="table"}).

Almost one-third of the women who were HC2-positive tested negative in the HPV genotyping. The proportion of samples positive in the HPV screening but negative in the HPV genotyping tended to increase with age, ranging from 25% among 25 years old to over 50% among 65 years old ([Table 2](#tbl2){ref-type="table"}). Among samples HPV-positive in the HC2 test, 57.1% contained HPV genotypes belonging to carcinogenic Group 1/2A, that is, types targeted by the HC2 test. Further, 15.3% of HC2-positive samples contained possibly carcinogenic HPV types (Group 2B) and 8.5% low-risk types (Group 3), although these types were not tested for by the HC2. When simultaneous infections with HPV types from a more carcinogenic group were excluded, prevalence of Group 2B and Group 3 HPV types were 10.3% and 2.6%, respectively. Among HC2-positive women, a second peak in prevalence within Group 2B and Group 3 of HPV types could be detected in middle-aged and older women ([Table 2](#tbl2){ref-type="table"}).

The most common HPV type was HPV 16, with a prevalence of 0.9% (95% CI: 0.8--1.1) among the Finnish screening population and 12.2% (10.9--13.5) among HC2-positive samples. HPV 31 was the next frequent type with a prevalence of 0.7% (95% CI: 0.6--0.8) and 8.9% (7.9--10.1), respectively. The third most common HPV type was the HPV 52 with a prevalence of 0.5% (95% CI: 0.4--0.6) among the screened women and 6.3% (5.4--7.3) in HC2 positives. A large majority of the Group 1/2A HPV types each accounted for between 4 and 5% of all HC2-positive samples. HPV 35, 39 and 59 made an exception to this rule, as these were less frequently detected. HPV 16 and related HPV types in the HPV species *α*9 accounted for 38.4% of HC2-positive samples and 54.9% of samples positive in HPV genotyping. The age-specific prevalence of HPV types among the screened women is shown in [Figure 2](#fig2){ref-type="fig"}.

Less than 10% of the HC2-positive women who also had clearly abnormal cytology were found to be negative by the HPV genotyping, whereas among the HC2-positive women who had normal cytology close to 40% ([Figure 1](#fig1){ref-type="fig"}) were negative in HPV genotyping. The prevalence of Group 1/2A HPV types increased with increasing cytology, from around 50% of the HC2-positive women with normal cytology to almost 80% of HC2-positive women with abnormal cytology, triggering a referral to colposcopy. When samples with concomitant infection with Group 1/2A HPV types were excluded, infections with Group 2B HPV types were most frequent among women with ASC-US cytology and Group 3 HPV types (in the absence of group 1/2A/2B types) were most often associated with normal cytology ([Table 3](#tbl3){ref-type="table"}). In general, there was a slight difference in type-specific prevalence of carcinogenic HPV types among HC2-positive women with normal compared with ASC-US cytology. The prevalence of HPV 16 and other types of the *α*9 species were the highest among women with LSIL+ cytology. The only exceptions were HPV 52 and 58, which were more frequent among women with ASC-US ([Table 3](#tbl3){ref-type="table"}).

The likelihood of CIN 1+ was 54.5% among women with LSIL+ cytology and 0.7% among women who attended the screening. This included 21 patients diagnosed with CIN within 12 months following screening after either ASC-US or a normal result in cytology triage. The proportion of infections with Group 1/2A HPV types increased with increasing CIN grade. Indeed, 90.5% of the women with CIN 3 or cancer lesions were found to be positive for Group 1/2A HPV types. When considered as the most severe infections detected, the IARC Group 2B types were over-represented among women with CIN 1 or no lesion in colposcopy and the proportion of infections with only Group 3 HPV types remained stable regardless of the severity of lesion. In general, there was no difference in type-specific HPV prevalences among women with CIN 1 lesion or a negative result in colposcopy ([Table 4](#tbl4){ref-type="table"}).

The prevalence of both HPV 16 and 52 increased with increasing CIN grade (60.3% in CIN 3+ *vs* 15.1% in CIN 1 and 7.9% *vs* 1.4% for HPV 16 and HPV 52, respectively), whereas the opposite was true for HPV 51 (1.5% in CIN 3+ *vs* 18.3% in CIN 1). There were three cancers detected, two adenocarcinomas and one microinvasive squamous cell carcinoma. Two of the cancers were positive for HPV 16 and the third was positive for HPV 45.

Group 1/2A HPV types attributed 78.3% of all CIN 3+ cases. Among these, HPV 16 was the most important single type attributing 55.8% of all CIN 3+ cases and 19.5% of all colposcopy referrals. This was followed by HPV 31 (attributing 6.5% *vs* 6.6%, respectively). HPV 52 had no significant role in the burden of colposcopy referrals but was the third most important HPV type in CIN 3+ cases with a PAF of 3.8%. HPV types of Group 2B attributed about 6% of colposcopy referrals but were not attributing any high-grade cervical lesions. Group 3 HPV types had no significant role either in colposcopy referrals or in cervical lesions ([Table 5](#tbl5){ref-type="table"}).

Discussion
==========

The present study has provided a large-scale determination of the type-specific HPV prevalences in Finland and their relative contribution to the cervical disease burden. The three most prevalent carcinogenic HPV types in the Finnish screening population were HPV 16 (0.9%), HPV 31 (0.7%) and HPV 52 (0.5%). The prevalence of HPV 16 in our study was slightly lower than reported in the meta-analysis of women with normal cytology in Northern and Western European countries ([@bib10]). HPV 16 and its related *α*9 types accounted for 38% of all HPV infections among HC2-positive samples and almost 55% of the high-risk HPV infections detected by HPV genotyping. A similar HPV type distribution was reported from Greece using genotyping with restriction fragment length polymorpishm-PCR of HC2-positive samples ([@bib1]). HPV 52 occurrence among women with normal cytology ranks second in Africa and third in Asia and worldwide. It ranks third also in Denmark but is not among the most frequent genotypes for most of Europe ([@bib10]; [@bib23]; [@bib6]; [@bib15]). HPV 18 is the second most common type in Europe, but showed a somewhat lower prevalence in our study. Similar findings have been reported from countries of Eastern Europe ([@bib5]; [@bib44]; [@bib49]), suggesting that the HPV type distribution found in Finland is consistent with the regional HPV distribution in the world.

The HPV prevalence in ICC has been reported to be 89.9% worldwide, and it has increased significantly over time because of increased sensitivity of the detection methods ([@bib30]). HPV 16 and HPV 18 account for more than 70% of invasive cervical cancers worldwide, and the next most common types (HPV 31, 33, 35, 45, 52 and 58) combined together account for about 20% of the global cervical cancer burden ([@bib11]; [@bib30]). In Europe, the five most commonly found HPV types in women with ICC are 16, 18, 31, 33 and 45. Among patients with CIN 2 and 3, HPV 16, 31, 33, 18, and 58 are the most common ([@bib45]; [@bib30]; [@bib15]). In Finland, the most prevalent HPV types and their proportions in CIN 3+ lesions were similar to those in worldwide meta-analyses except for a rather low prevalence of HPV 18 and 45.

A Swedish study on HPV triaging of women with low-grade cervical cytology found no increased risk for CIN 3 among women positive for HPV 18 and HPV 45 in comparison with no HPV triaging at all ([@bib47]). However, compared with normal cytology, there is a clear association between HPV 18, 45 and HSIL cytology ([@bib4]). Also, a worldwide study of 10 575 cases of invasive cervical cancer concluded that HPV-DNA-based screening should focus on HPV types 16, 18 and 45 ([@bib11]). The most recent meta-analysis of 115 789 HPV-positive women suggested that studies using CIN 3 as the principal outcome underestimate the relative carcinogenic potential of HPV 18 and 45 ([@bib15]). HPV 18 is the second most common HPV type in ICC and preferentially found in adenocarcinoma ([@bib11]). New data indicate that HPV 16 and 18 are about equally important in ADC ([@bib11]; [@bib30]).

The population attributable fraction (PAF) is the proportional reduction in incidence of a disease that would occur if exposure to a risk factor, for example, particular HPV type, was eliminated from the population. HPV-associated PAFs in Finland have previously been estimated using HPV serology. The study reported that HPV 16 was responsible for 61% of SCCs but only 6% of CIN 3 lesions ([@bib27]). We estimated HPV 16-associated PAF to be 55.8% in CIN 3+, but could not estimate the PAF for cervical cancer because of too few cases. Our PAF estimate for the role of HPV 16 in CIN 3+ is similar to the serology-based PAF estimate for the role of HPV 16 in SCC. The difference in PAF estimates for HPV 16 in CIN 3 is most likely because of the different methods used to assess the HPV exposure (serology *vs* HPV genotyping).

There is an inverse relationship between HPV prevalence and age with a peak at younger ages (\<25 years of age) and then a monotonic decline at older ages. However, a second prevalence peak from 45 years onwards has been reported in Latin America, the Caribbean and in most countries across Africa ([@bib6]). In our study, HPV prevalences for most of the single types declined monotonously with age. However, the peak prevalence of Group 2B HPV types was seen among women aged between 40 and 50 years. There was also a second peak of Group 3 genotypes from age 50 onwards among HC2-positive women. The reasons for a bimodal curve are unclear, but it has been speculated that Pap smear taking may induce cell-mediated immunity, which could protect against subsequent HPV infections ([@bib35]). Sexual behaviour, viral characteristics and host susceptibility may be other contributing factors to the second peak ([@bib6]). A large cohort study found that HPV positivity at older ages does not result in cytologic abnormalities in the same way as it does at younger ages ([@bib26]). Our finding in relation to HC2-positive women supports this notion.

Similar to other studies, the prevalence of HPV 16 and Group 1/2A HPV types increased with increasing CIN grade ([@bib23]; [@bib15]). Low-grade cervical lesions are merely a manifestation of viral infection and can also be caused by low-risk HPV types. We also found that none of the women with a high-grade cervical lesion had only low-risk (Group 3) HPV types. Only five CIN 2+ lesions were detected with possibly carcinogenic HPV types (Group 2B). Our prevalence of low-risk types was similar among women with normal cytology but slightly lower in mild cervical atypia and CIN 1 than reported in the large population-based study conducted in Denmark ([@bib23]).

An important issue in HPV screening is how to triage HPV-positive women with normal cytology. These women have a risk of CIN 3 or cancer over 5--10 years that is even comparable to women with high-grade cytology at the screening visit ([@bib43]; [@bib12]; [@bib20]). For HPV-positive women with normal cytology, HPV genotyping for the most carcinogenic HPV types such as HPV 16 and 18 could offer a useful way to triage women for colposcopy. Alternatively, women who are HPV 16 and 18-positive could be subjected to a more intensive follow-up (6 to 12 months). All others could be managed with repeated HPV testing ([@bib31]; [@bib18]). Interestingly, cancers that are diagnosed following HPV+/cytology− results often have a glandular component and are diagnosed at an early stage when the disease is still potentially curable. This suggests that a screening algorithm of HPV+/cytology− women should therefore also include, for example, an endocervical curettage (ECC) to search for ADC ([@bib22]). We need longitudinal data to compare the risk assessment ability of HPV screening with cytology triage to that of HPV screening with triaging by genotyping.

When the vaccinated young birth cohorts will enter into screening programmes in the future, the prevalence of cervical abnormalities will decrease, which certainly leads to a decline in performance of subjective Pap tests because of the monotony of reading negative smears. However, HPV screening that is followed by Pap triaging will increase the proportion of smears that have a high probability of containing relevant abnormalities, and thus seems to be an attractive screening strategy also during the vaccine era ([@bib18]). HPV 16 is a major driver of sensitivity and a positive predictive value of the HC2 test for high-grade cervical lesions. Further, the cumulative incidence of CIN 3+ related to HPV types other than HPV16 and 18 is only 3.0% among HC2-positive women ([@bib21]). It has been shown that the positive predictive values of cytology and HPV testing decrease when HPV16 and 18 vaccinated cohorts enter into the screening programmes, and they might warrant tailored screening algorithms ([@bib8]).

We found a high proportion of samples that were HPV-positive in the HC2 test but not in HPV genotyping, particularly among women with normal cytology. These could be false positives or may represent cross-reactions with non-carcinogenic HPV types. This drawback of the HC2 test has also been reported by others ([@bib7]; [@bib40]). Two studies have reported that by increasing the cutoff level from the FDA-approved of 1.0 to 2 or 3 relative light units (RLU/Co ratio) greatly decreases the HPV prevalence among women with normal or mild cytological abnormalities and reduces false positive results ([@bib16]; [@bib40]).

Strenghts and limitations
-------------------------

The current study is an extension of the randomised Finnish HPV screening trial, which has been executed within the national organised cervical cancer screening programme. We previously reported that the women attending HPV screening were comparable to women attending conventional cytology screening in terms of age, place of residence, screening laboratory, marital status and parity ([@bib28]). However, there are also limitations. We did not genotype HC2-negative samples. We do not expect that typing also the over 30 000 samples negative for HPV by the FDA-approved HC2 test would have markedly affected the HPV type-specific prevalence estimates. Because the HC2 test used for screening targets only HPV types in Group 1/2A, our detection of HPV genotypes in Group 2B and Group 3 may represent cross-reactivity of the HC2 test. Thus, our data on Group 2B and 3 HPV types should not be used for estimating type-specific prevalences in the general screening population.

In ∼3% of the samples, a human *β*-globin DNA could not be amplified. We did not do HPV genotyping directly after HPV screening, but the samples were first stored in the STM buffer at −20 °C for 5--7 years. Although long-term storage may affect the integrity of nucleic acids ([@bib17]; [@bib2]), the proportion of inadequate samples was comparable to results when testing freshly taken samples ([@bib14]). Also, a pilot study for a small subset of samples conducted 2 years earlier found similar results

The role of multiple infections was not assessed in the current study. The regression model estimates were adjusted for all the HPV types, and women not infected with a particular HPV type (i.e. women with other HPV infections or without any HPV type) were used as the referent group. This is a suitable approach for estimating the PAFs as eliminating one HPV type, for example, by vaccination, does not imply that there would be no HPV infections at all in the population. However, a role of multiple infections is evident in the PAFs, as the PAF of CIN 3+ for any HPV type (the regression model adjusted only for age) was lower than that for Group 1/2A HPV types (adjusted for age, Group 2B and Group 3 HPV types).

Conclusions
===========

HPV 16 and related *α*9 types accounted for 38% of samples positive in HPV screening and more than 50% of the types detected by HPV genotyping. Prevalence of Group 1/2A HPV types increased with increasing CIN grade and attributed to almost 80% of all CIN 3+ lesions, mainly because of HPV 16. Genotyping for HPV 16, as compared with cytology triage at the threshold of LSIL+, works better to identify women at risk for CIN 3+. The high proportion of HC2-positive results that could not be confirmed by HPV genotyping, particularly among women with normal cytology, suggest that HPV genotyping can be used to evaluate performance and clinical validity of HPV screening tests. To conclude, this study provides a substantial amount of new information directly useful for planning preventive efforts for cervical cancer.
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![**Flowchart of the women invited for HPV screening in 2003--2005.** Results of HPV screening and genotyping, cytology triage and histology at the baseline screening visit. ^1^Including seven women whose cytology triage test was missing or unsatisfactory. AIS=adenocarcinoma *in situ*; ASC-US=atypical squamous cells of undetermined significance; CIN=cervical intraepithelial neoplasia; HC2=Hybrid Capture 2; HPV=human papillomavirus; ICC=invasive cervical cancer; LSIL+=low-grade squamous intraepithelial lesion or worse.](bjc2013647f1){#fig1}

![**(**A**,**B**) Age-specific distribution of the human papillomavirus types in women attending cervical cancer screening in Finland in 2003--2005.** HPV=human papillomavirus.](bjc2013647f2){#fig2}

###### Age-specific results of primary HPV screening with the HC2 test and cytology triage test among eligible women who attended HPV screening trial in years 2003--2005

          **HPV screening**   **Cytology triage**[a](#t1-fn2){ref-type="fn"}                                                         
  ------- ------------------- ------------------------------------------------ ------ ------ ------ ------ ------ ----- ------ ----- ------
  25      1 724               1 307                                            75.8   417    24.2   258    61.7   97    23.2   62    14.8
  30      3 724               3 174                                            85.2   550    14.8   321    58.3   132   24.0   97    17.6
  35      3 900               3 531                                            90.5   369    9.5    194    52.3   99    26.7   76    20.5
  40      4 649               4 347                                            93.5   302    6.5    167    55.1   74    24.4   61    20.1
  45      4 335               4 112                                            94.9   223    5.1    145    64.7   52    23.2   26    11.6
  50      4 575               4 342                                            94.9   233    5.1    154    65.8   58    24.8   21    9.0
  55      4 885               4 629                                            94.8   256    5.2    182    70.8   46    17.9   28    10.9
  60      3 988               3 798                                            95.2   190    4.8    139    72.0   28    14.5   23    11.9
  65      1 215               1 181                                            97.2   34     2.8    22     64.7   8     23.5   4     11.8
  Total   32 995              30 421                                           92.3   2574   7.8    1582   61.5   594   23.1   398   15.5

Abbreviations: HC2=Hybrid Capture 2; HC2+=positive result in the HC2 test.

Cytology triage missing or smear unsatisfactory for seven women who were included and cytology result was assumed to be normal.

Papanicolaou class II.

Papanicolaou class III-V, small proportion of II.

###### Age-specific results of HPV genotyping by HPV carcinogenicity categories among women positive in HPV screening

          **PCR test**   **HPV classification**[a](#t2-fn1){ref-type="fn"}                                                          
  ------- -------------- --------------------------------------------------- ------ ------- ------ ------- ------ ----- ------ ---- -----
  25      417            105                                                 25.2   312     74.8   273     65.3   27    6.5    12   2.9
  30      550            136                                                 24.7   414     75.3   361     65.5   44    8.0    9    1.6
  35      369            104                                                 28.1   265     71.8   220     59.3   37    10.0   8    2.2
  40      302            66                                                  21.9   236     78.1   190     62.7   42    13.9   4    1.3
  45      223            84                                                  37.7   139     62.3   106     47.3   31    13.8   2    0.9
  50      233            76                                                  32.6   157     67.4   118     50.4   32    13.7   7    3.0
  55      256            104                                                 40.6   152     59.4   109     42.4   28    10.9   15   5.9
  60      190            80                                                  42.1   110     57.9   80      41.5   21    10.9   9    4.7
  65      34             18                                                  52.9   16      47.1   14      41.2   2     5.9    0    −
  Total   2 574          773                                                 30.0   1 801   70.0   1 471   57.1   264   10.3   66   2.6

On the basis of the classification of carcinogens to humans by the International Agency for Research on Cancer (IARC), Group 2B including HPV 73 in the current study.

Infection with one ore more Group1/2A type (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68), coinfection with HPV types of Group 2B and / or Group 3 allowed.

Infection with one or more Group 2B HPV type (26, 30, 53, 66, 67, 69, 70, 73 and 82), coinfection with HPV types of Group 3 allowed.

Infection with one or more Group 3 HPV type (6, 7, 9, 11, 40, 42, 43, 61, 74, 81, 83, 86, 87, 89, 90, 91 and 114).

###### Type-specific HPV prevalences with exact binomial 95% confidence intervals (CI) by cytology triage test result

                                          **Cytology triage**                                                                                  
  --------------------------------------- --------------------- ------------------- ----- ------------------- ----- ------------------- ------ -------------------
  HPV 16                                  143                   9.0 (7.7--10.6)     58    9.8 (7.5--12.4)     112   28.1 (23.8--32.8)   313    12.2 (10.9--13.5)
  HPV 18                                  64                    4.0 (3.1--5.1)      29    4.9 (3.3--6.9)      24    6.0 (3.9--8.8)      117    4.5 (3.8--5.4)
  HPV 31                                  117                   7.4 (6.2--8.8)      60    10.1 (7.8--12.8)    53    13.3 (10.1--17.1)   230    8.9 (7.9--10.1)
  HPV 33                                  52                    3.3 (2.5--4.3)      23    3.9 (2.5--5.8)      29    7.3 (4.9--10.3)     104    4.0 (3.3--4.9)
  HPV 35                                  24                    1.5 (1.0--2.2)      18    3.0 (1.8--4.7)      11    2.8 (1.4--4.9)      53     2.1 (1.5--2.7)
  HPV 39                                  45                    2.8 (2.1--3.8)      21    3.5 (2.2--5.4)      19    4.8 (2.9--7.4)      85     3.3 (2.6--4.1)
  HPV 45                                  68                    4.3 (3.4--5.4)      30    5.1 (3.4--7.1)      15    3.8 (2.1--6.1)      113    4.4 (3.6--5.2)
  HPV 51                                  51                    3.2 (2.4--4.2)      31    5.2 (3.6--7.3)      36    9.0 (6.4--12.3)     118    4.6 (3.8--5.5)
  HPV 52                                  96                    6.1 (4.9--7.4)      44    7.4 (5.4--9.8)      21    5.3 (3.3--8.0)      161    6.3 (5.4--7.3)
  HPV 56                                  49                    3.1 (2.3--4.1)      31    5.2 (3.6--7.3)      27    6.8 (4.5--9.7)      107    4.2 (3.4--5.0)
  HPV 58                                  66                    4.1 (3.2--5.2)      41    6.9 (5.0--9.2)      21    5.3 (3.3--8.0)      128    5.0 (4.2--5.9)
  HPV 59                                  30                    1.9 (1.3--2.7)      13    2.2 (1.2--3.7)      7     1.8 (0.7--3.6)      50     1.9 (1.4--2.6)
  HPV 68                                  75                    4.7 (3.7--5.9)      25    4.2 (2.7--6.2)      10    2.5 (1.2--4.6)      110    4.3 (3.5--5.1)
  Group 1/2A[a](#t3-fn1){ref-type="fn"}   777                   49.1 (46.6--51.6)   376   63.3 (59.3--67.2)   318   79.9 (75.6--83.7)   1471   57.1 (55.2--59.1)
  Group 2B[b](#t3-fn2){ref-type="fn"}     153                   9.7 (8.3--11.2)     74    12.5 (9.9--15.4)    37    9.3 (6.6--12.6)     264    10.3 (9.1--11.5)
  Group 3[c](#t3-fn3){ref-type="fn"}      53                    3.4 (2.5--4.4)      8     1.3 (0.6--2.6)      5     1.3 (0.4--2.9)      66     2.6 (2.0--3.3)
  Any HPV                                 983                   62.1 (59.7--64.5)   458   77.1 (73.5--80.4)   360   90.5 (87.1--93.2)   1801   70.0 (68.2--71.7)

Infection with one or more Group 1/2A HPV type (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68), coinfection with HPV types of Group 2B and/or Group 3 allowed.

Infection with one or more Group 2B HPV type (26, 30, 53, 66, 67, 69, 70, 73 and 82), coinfection with HPV types of Group 3 allowed.

Infection with one or more Group 3 HPV type (6, 7, 9, 11, 40, 42, 43, 61, 74, 81, 83, 86, 87, 89, 90, 91 and 114).

###### Type-specific HPV prevalences with exact binomial 95% confidence intervals (CI) by histologically confirmed cervical lesion

                                           **Histological diagnosis**                                                                              
  ---------------------------------------- ---------------------------- ------------------- ---- ------------------- ---- ------------------- ---- -------------------
  HPV 16                                   28                           15.5 (10.5--21.6)   11   15.5 (8.0--26.0)    40   38.5 (29.1--48.5)   38   60.3 (47.2--72.4)
  HPV 18                                   12                           6.6 (3.5--11.3)     4    5.6 (1.6--13.8)     6    5.8 (2.1--12.1)     2    3.2 (0.4--11.0)
  HPV 31                                   20                           11.0 (6.9--16.5)    4    5.6 (1.6--13.8)     24   23.1 (15.4--32.4)   8    12.7 (5.6--23.5)
  HPV 33                                   13                           7.2 (3.9--12.0)     5    7.0 (2.3--15.7)     6    5.8 (2.1--12.1)     5    7.9 (2.6--17.6)
  HPV 35                                   4                            2.2 (0.6--5.6)      2    2.8 (0.3--9.8)      4    3.8 (1.1--9.6)      1    1.6 (0.04--8.5)
  HPV 39                                   11                           6.1 (3.1--10.6)     3    4.2 (0.9--11.9)     4    3.8 (1.1--9.6)      1    1.6 (0.04--8.5)
  HPV 45                                   8                            4.4 (1.9--8.5)      3    4.2 (0.9--11.9)     3    2.9 (0.6--8.2)      1    1.6 (0.04--8.5)
  HPV 51                                   19                           10.5 (6.4--15.9)    13   18.3 (10.1--29.3)   4    3.8 (1.1--9.6)      1    1.6 (0.04--8.5)
  HPV 52                                   10                           5.5 (2.7--9.9)      1    1.4 (0.04--7.6)     7    6.7 (2.7--13.4)     5    7.9 (2.6--17.6)
  HPV 56                                   18                           9.9 (6.0--15.3)     5    7.0 (2.3--15.7)     2    1.9 (0.2--6.8)      2    3.2 (0.4--11.0)
  HPV 58                                   11                           6.1 (3.1--10.6)     4    5.6 (1.6--13.8)     7    6.7 (2.7--13.4)     3    4.8 (1.0--13.3)
  Group 1/2 A[a](#t4-fn1){ref-type="fn"}   136                          75.1 (68.2--81.3)   51   71.8 (59.9--81.9)   88   84.6 (76.2--90.9)   57   90.5 (80.4--96.4)
  Group 2B[b](#t4-fn2){ref-type="fn"}      23                           12.7 (8.2--18.5)    13   18.3 (10.1--29.3)   4    3.8 (1.1--9.6)      1    1.6 (0.04--8.5)
  Any HPV                                  163                          90.1 (84.7--94.0)   65   91.5 (82.5--96.8)   92   88.5 (80.7--93.9)   58   92.1 (82.4--97.4)

Infection with one or more Group 1/2A HPV type (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68), coinfection with HPV types of Group 2B and/or Group 3 allowed.

Infection with one or more Group 2B HPV type (26, 30, 53, 66, 67, 69, 70, 73 and 82), coinfection with HPV types of Group 3 allowed.

###### Type-specific relative rates (RRs) and Population Attributable Fractions (PAFs) of referral to colposcopy and histologically confirmed cervical lesions by the most important HPV types

                                          **Colposcopy indicated**   **CIN 2+**           **CIN 3+**                                                     
  --------------------------------------- -------------------------- -------------------- -------------------- -------------------- -------------------- --------------------
  HPV 16                                  3.27 (2.59--4.11)          19.5% (14.4--24.3)   7.27 (5.23--10.10)   40.3% (31.1--48.2)   13.5 (7.75--23.4)    55.8% (40.0--67.5)
  HPV 18                                  1.66 (1.09--2.53)          2.4% (0--4.8)        1.51 (0.73--3.12)    1.6% (0--4.9%)       1.26 (0.30--5.25)    0.7% (0--5.0)
  HPV 31                                  1.98 (1.47--2.66)          6.6% (2.9--10.1)     3.02 (2.03--4.50)    12.8% (6.1--19.1)    2.04 (0.96--4.36)    6.5% (0--14.9)
  HPV 52                                  1.03 (0.66--1.60)          0.1% (0--2.4%)       1.47 (0.80--2.68)    2.3% (0--6.4)        1.92 (0.74--4.96)    3.8% (0--10.6)
  Group 1/2A[b](#t5-fn3){ref-type="fn"}   3.15 (2.44--4.05)          54.5% (44.5--62.7)   4.71 (2.98--7.44)    68.4% (53.2--78.7)   7.45 (3.17--17.5)    78.3% (53.4--89.9)
  Group 2B[c](#t5-fn4){ref-type="fn"}     1.50 (1.15--1.96)          5.9% (1.5--10.1)     0.86 (0.51--1.44)    NA                   0.75 (0.30--1.90)    NA
  Group 3[d](#t5-fn5){ref-type="fn"}      1.15 (0.82--1.61)          1.3% (0--4.5)        0.43 (0.20--0.93)    NA                   NA                   NA
  Any HPV[e](#t5-fn6){ref-type="fn"}      3.95 (2.82--5.53)          67.6% (56.1--76.0)   3.60 (2.18--5.96)    64.9% (44.8--77.6)   5.11% (2.04--12.8)   74.0% (39.7--88.8)

Abbreviation: NA=not applicable.

Association between type-specific infection and outcome by Poisson regression. Type-specific RRs adjusted for age and for coinfection with all single Group 1/2A HPV types and pooled Group 2B and Group 3 HPV types, unless otherwise specified.

Infection with one or more Group 1/2A HPV type (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68), coinfection with HPV types of Group 2B and / or Group 3 allowed. Adjusted for age and Group 2B and Group 3 HPV types.

Infection with one or more Group 2B HPV type (26, 30, 53, 66, 67, 69, 70, 73 and 82), coinfection with HPV types of Group 3 allowed.

Infection with one or more Group 3 HPV type (6, 7, 9, 11, 40, 42, 43, 61, 74, 81, 83, 86, 87, 89, 90, 91 and 114).

Infection with one or more HPV of any type. Adjusted for age.
